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2008,	 2012;	McClay	 et	 al.,	 2002;	McClay,	White,	 1995;	
Smith,	Durney,	1992;	Tron,	Brun,	1991;	Withjack,	 Jami‐
son,	1986].	However,	since	the	time	scales	in	the	tecto‐
nophysical	experiments	are	quite	 large,	 it	 is	necessary	
to	 test	whether	 the	mechanisms	derived	 from	the	 tec‐
tonophysical	 models	 are	 consistent	 with	 the	 actual	
mechanisms	 that	 control	 the	 current	 deformation	 of	
the	rift.	On	the	other	hand,	studying	the	present	defor‐
mation	mechanism	of	rifting	is	of	great	significance	for	
understanding	 the	 seismogenic	 structures	 as	 well	 as		
oil	and	gas	exploration	within	 the	rift	area.	Therefore,	
testing	 the	 results	 of	 tectonophysical	 experiments	 by	
using	 the	 available	 current	 tectonic	 deformation	 data	




by	 the	 South	 China	 and	 Yinshan‐Yanshan	 blocks	 in	
North	 China	 [Deng	 et	 al.,	 2003;	 Zhang	 et	 al.,	 2003]		
(Fig.	1).	This	S‐shaped	structure	consists	of	 the	south‐
ern	 and	 northern	 extension	 segments	 and	 the	 central	














rifting	model	was	proposed	 to	 further	explain	 the	dif‐
ferences	of	basin	distributions,	 transfer	 zones	and	 the		
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tive	 to	 the	Ordos	block.	Specifically,	 the	block	rotation	
was	 considered	 to	 result	 in	 the	 right‐lateral	 shear	 of	
the	central	segment,	which	induces	the	extension	of	the	
southern	 and	 northern	 segments	 [Xu,	Ma,	1992;	Xu	 et	
al.,	 1993],	 or	 to	 cause	 the	 decreasing	 extension	 and	
clockwise	 rotation	 in	 the	extension	direction	 from	 the	
southern	to	northern	segments	[Zhang	et	al.,	1998].	(3)	
The	 lateral	 heterogeneous	 crustal	 rheology	model	 as‐
cribed	the	extension	of	the	Fen‐Wei	Rift	to	the	gravita‐
tional	 potential	 energy	 arising	 from	 the	 preexisting	
crustal	weak	zone	[He	et	al.,	2003,	2004].	
The	 NNE‐striking	 right‐lateral	 strike‐slip	 border	
faults	of	the	transfer	zones	between	the	adjacent	NEE‐
striking	 extensional	 basins	 were	 emphasized	 in	 the	
oblique	 rifting	 models	 [Chang,	 Zhong,	 1977;	 Chang	 et	
al.,	1975;	Zhuo	et	al.,	2016].	The	formation	of	the	trans‐
fer	 zones	 was	 attributed	 to	 the	 interactions	 between	
the	 adjacent	 NEE‐striking	 extensional	 basins	 [Zhuo	 et	
al.,	2016].	Furthermore,	geological	surveys	show	that	at	
least	eight	paleoearthquakes	of	M>7	occurred	along	the	
Fen‐Wei	 Rift,	 the	 majority	 of	 which	 were	 associated	
with	 the	 motions	 of	 the	 NNE‐striking	 right‐lateral	
strike‐slip	border	faults	of	the	transfer	zones	in	the	rift	
area	[Huan	et	al.,	2003;	Xie	et	al.,	2004;	Xu,	Deng,	1990;	
Xu	et	al.,	1992].	This	 implies	 that	 studying	 the	current	
deformation	mechanism	of	the	transfer	zones	may	shed	
some	 light	 on	 the	 seismogenic	 structures	 of	 strong	
earthquakes	in	the	Fen‐Wei	Rift.	
Although	the	experimental	results	showed	in	accord	
with	 the	 main	 structure	 architecture	 of	 the	 Fen‐Wei	
Rift,	 the	 validity	 of	 the	 deformation	 of	 the	 transfer	
zones	derived	from	the	oblique‐rifting	models	remains	
to	 be	 tested	with	 respect	 to	 the	 current	 tectonic	 acti‐
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important	aspect	representing	the	current	tectonic	ac‐
tivity,	 deformation	 on	 the	 transfer	 zones	 described	 in	
the	oblique‐rifting	models	can	be	tested	using	the	data	
of	the	current	seismic	activity.	The	1989	M	6.1	Datong‐
Yanggao	 earthquake	 swarm,	 which	 is	 the	 only	 earth‐
quake	 of	 M≥6	 within	 the	 Fen‐Wei	 Rift	 in	 the	 last		
200	years,	occurred	at	the	eastern	border	of	the	trans‐
fer	 zone	 between	 the	 Yangyuan	 and	 Hunyuan	 basins	
(referred	to	as	 the	Y‐H	transfer	zone	hereafter,	Figs.	1	
and	2)	 in	 the	northern	Fen‐Wei	Rift.	 In	 this	 study,	we	
refer	 to	 the	 relocation	 and	 focal	 mechanism	 solution	
data	 of	 this	 earthquake	 swarm	 [Wang	 et	 al.,	 2012]	 to	
test	 if	 the	 oblique‐rifting	 models	 are	 consistent	 with	
the	 current	 deformation	 of	 the	 Y‐H	 transfer	 zone.	
Therefore,	 whether	 the	 eastern	 and	 western	 border	
faults	of	 the	Y‐H	 transfer	zone	are	NNE‐striking	 right‐








The	 Yangyuan	 and	 Hunyuan	 NEE‐striking	 exten‐
sional	basins,	which	strike	NE50°~70°,	are	bounded	on	





connects	 with	 a	 right‐lateral	 strike‐slip	 fault	 that	
strikes	~NE30°	and	has	an	outcropping	 length	of	~12	
km	(see	Fig.	2).	The	geological	 survey	along	 the	right‐
lateral	 strike‐slip	 fault	 showed	 that	 a	 series	 of	 gullies	
were	 offset	 at	 a	 mean	 right‐lateral	 slip	 rate	 of	 ~1.26	
mm/a	and	a	normal	slip	rate	of	~0.03	mm/a	since	the	




According	 to	 the	current	 focal	mechanism	solution,	
the	azimuth	of	the	principal	tensile	stress	in	the	north‐
ern	segment	of	the	Fen‐Wei	Rift	is	NW20°~40°	(Fig.	3),	
which	 is	 consistent	with	 the	NW15°~40°	 extension	of	
the	 southern	 and	 northern	 segments	 of	 the	 Fen‐Wei	
Rift	since	the	late	Cenozoic	derived	from	satellite	SPOT	
images	 [Zhang	et	al.,	1998].	This	 consistency	 indicates	
that	 the	 regional	 stress	 field	 controlling	 the	 defor‐
mation	in	the	northern	segment	of	the	Fen‐Wei	Rift	has	
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are	 derived	 from	 both	 the	 geological	 survey	 data	 and	
the	available	seismic	data,	are	comparable.	
The	 relocation	 of	 earthquakes	 from	 1966	 to	 2010	
shows	 that	 the	 epicenters	 (including	 the	 1989	 M	 6.1	
and	 1991	M	 5.8	 earthquakes	 [Wang	 et	 al.,	 2012])	 oc‐
curred	mainly	 in	 the	NNE‐striking	zone	 from	the	east‐
ern	 tip	 of	 the	Hunyuan	 basin	 to	 the	 central	 Yangyuan	




by	 macroscopic	 earthquake	 damage	 observations	 of	
the	1989	M	6.1	and	1991	M	5.8	earthquakes	in	this	area	
[An	et	al.,	1991;	Liu	et	al.,	1992;	Wang	et	al.,	1992;	Xu	et	
al.,	 1991].	 Furthermore,	 we	 selected	 the	 earthquakes	
within	 the	oval	 area	 shown	 in	Fig.	4,	a,	 to	analyze	 the	
distribution	of	 their	nodal	plane	strikes	via	 their	 focal	
mechanism	 solutions.	 The	 upper	 diagram	 in	 Fig.	 4,	 b,	
shows	 that	 these	 earthquakes	 have	 a	 dominant	 nodal	
plane	strike	of	NE	17.6°–24.7°,	which	is	consistent	with	
the	 strike	 of	 the	 oval	 distribution	 of	 the	 epicenters.	
Thus,	the	Y‐H	transfer	zone	is	bounded	by	a	~NE22.5°	
striking	buried	fault	at	its	eastern	edge.		
To	 explore	 the	motion	 of	 the	 buried	 fault,	we	 ana‐
lyzed	the	distribution	of	the	rake	of	slip	vectors	on	the	
nodal	planes	as	shown	in	the	upper	diagram	in	Fig.	4,	b.	









that	 the	 buried	 fault	 has	 a	 slight	 dip‐slip	 component.	
Therefore,	 the	 buried	 fault	 is	 of	 mainly	 right‐lateral	
strike‐slip	with	slight	normal	slip	(Fig.	4,	b).	This	is	also	
consistent	 with	 the	 focal	 mechanism	 solutions	 of	 the	
1989	Ms	 6.1	 and	 1991	Ms	 5.8	 earthquakes	 (Fig.	 4,	a)	
which	 both	 had	 right‐lateral	 strike‐slip	 with	 a	 slight	
normal	 slip	 component	 [Wang,	Wang,	 1992;	Wang	 et	
al.,	1994;	Wei	 et	al.,	1992;	Xu,	1992;	Zhao	 et	al.,	1992;	
Zhu	et	al.,	1999;	Qiu,	Liu,	2005;	Feng	et	al.,	2016].	Thus,	
the	 eastern	 border	 fault	 of	 the	 Y‐H	 transfer	 zone	 is	 a	
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The	deformations	in	the	Y‐H	transfer	zone	are	schema‐
tically	 shown	 in	 Fig.	 4,	 c.	 The	 current	 azimuths	 of	 the	
principal	tensile	and	compressive	stress	in	Fig.	4,	c,	are	
derived	 from	 Fig.	 3.	 Fig.	 4,	 c,	 shows	 that	 both	 of	 the	
eastern	 and	western	border	 faults	 of	 the	 Y‐H	 transfer	
zone	are	the	NNE‐striking	right‐lateral	strike‐slip	faults	
with	 slight	 normal	 slip	 in	 the	 regional	 stress	 field	
shown	 in	Fig.	 3,	which	 is	 the	 key	 characteristic	 of	 the	










faults	with	 steep	 dip	 and	 slight	 normal	 slip,	 based	 on	

















решениям	 механизмов	 очагов	 землетрясений	 внутри	 красного	 овала,	 показанного	 на	 рис.	 4	 (а).	 Нодальная	 плоскость	 имеет
компоненту	 лево‐	 или	 правостороннего	 сдвига,	 если	 абсолютное	 значение	 вектора	 сдвига	 по	 данной	 плоскости	меньше	 или
больше	90°,	соответственно.	Нодальная	плоскость	имеет	сбросовую	или	взбросовую	компоненту,	если	вектор	сдвига	по	данной
плоскости	меньше	или	больше	нуля,	соответственно.	(c)	–	схема,	показывающая	структуру	трансферной	зоны,	расположенной
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the 1989 M 6.1 earthquake was considered to rupture a NW-striking left-lateral strike-slip fault [Xu, 1992; Qiu, 
Liu, 2005; Feng et al., 2016]. These findings are con-sistent with the distribution of the meizoseismal area obtained by the macroscopic earthquake damage ob-servations of these earthquakes [An et al., 1991; Ding et 
al., 2000; Liu et al., 1992; Wang et al., 1992]. The field geological survey data suggested that no obvious sur-face ruptures can be identified associated with these earthquakes although they took place near the junction of the North Liulengshan, Dawangcun and Tuanbao faults [Su, Cheng, 1992]. The NNE-striking Dawangcun fault and the NW-striking Tuanbao fault (shown in Fig. 4, a) were considered to be the NNE-striking and NW-striking buried faults where the main shock and fore-shock of the 1989 M6.1 earthquake occurred, respec-tively, according to the data of the geological survey and seismicity studies [Su, Cheng, 1992; Feng et al., 
2016], which support the existence of the NNE-striking right-lateral strike-slip buried fault inferred from our data shown in Fig. 4. Therefore, the deformation of the NNE-striking transfer zone between the adjacent NEE-
striking extensional basins predicted by the oblique-rifting models [Chang, Zhong, 1977; Chang et al., 1975; 
Zhuo et al., 2016] is consistent with the current defor-mation of the Y-H transfer zone. This consistency be-tween the model and the current tectonic activity indi-cates that oblique rifting still plays an important role in the current deformation of the northern Fen-Wei Rift.   
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